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Pyrgula nevadensis varies in size within rather wide limits. 
Twenty-five specimens, taken at random, present the following 
averages : Length 4.83 mmi breadth 2.65 mm - These proportions are 
best shown graphically, as are also the extremes of variation, by 
the accompanying plate, xxv, in which 2 mm is adopted as the 
origin of the coordinates. Each small square represent a .io mm - 
The dot underlined represents the average of the specimens 
measured. At some future time more complete notes on this 
species, and on those inhabiting the salt springs and lakes of the 
Great Basin, from a biological standpoint, will be presented the 
readers of the Naturalist. 
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ASPECTS OF THE BODY IN VERTEBRATES AND 
ARTHROPODS. 

BY A. S. PACKARD. 

UNDER the title "Aspects of the Body in Vertebrates and 
Invertebrates" (London, 1883), the venerable and distin- 
guished English anatomist and palaeontologist, Professor Sir 
Richard Owen, renews in a vigorous way the old discussion 
originally begun by Geoffroy St. Hilaire. The view in question 
is tersely presented in St. Hilaire's answer to Duges, quoted by 
Professor Owen, when he replied by reference to " Fig. 2 de la 
septieme planche: La se trouve effectivement represente un 
homard couche sur le dos et montrant distinctivement ses vis- 
ceres dans la position ou le sont les visceres des rnamiferes 
places sur le ventre." This view was combatted by Cuvier, and 
in this respect he has been followed by Gegenbaur. 

In his able essay Professor Owen places himself on the side of 
St. Hilaire, and the special point in vertebrate anatomy which he. 
brings forward to support this opinion is the homology of the 
conario-hypophysial tract, which he regards as " the modified 
homologue of the mouth and gullet of invertebrates;" and at 
the end of chapter I he concludes that " the surfaces or aspects 
of the body which are truly homologous in the snake and cater-, 
pillar are the neural and the hcemal, not the dorsal and the 
ventral" 

In his second chapter, entitled " Cerebral homologies in verte- 
brates and invertebrates," Professor Owen quotes our statement 1 

1 Second report U. S. Entomological Commission. Chapter XI. The brain of the 
Locust, p. 224. 1880. 



856 Aspects of the Body in Vertebrates and Arthropods. [September, 

that " the brain and nervous cord of the fish or man is funda- 
mentally different, or not homologous with that of the lower or 
invertebrate animals ;" and then proceeds to criticize it. 

The chapter on the brain of the locust was written for the un- 
scientific as well as the scientific reader, and the introductory 
part was presented in a terse, perhaps dogmatic way, for the sake 
of clearness. 

The author, without taking time and space to discuss at length 
this broad question, which requires a far wider acquaintance with 
anatomy and embryology than he claims to possess, would beg 
leave to briefly present some facts and considerations which seem 
to him to support the view he adopted as to the lack of homology 
between the nervous system of arthropods and vertebrates. 

These facts relate to the histology and the histological topog- 
raphy as well as general morphology of the system in question, 
and the general relation of the viscera to the body-walls of arthro- 
pods as compared with vertebrates. 

1. Histology. — There are but two histological elements in the 
brain and spinal cord of vertebrates, i. e., ganglion-cells and 
nerve-fibers proceeding from them. In worms (and mollusks so 
far as known) and especially in the brain (procerebrum, as we 
may call it to distinguish it from the cerebrum of vertebrates) and 
other ganglia of Crustacea and insects, besides these two elements 
there is a third substance, the punktsubstanz, discovered by Ley- 
dig, and farther described by Dietl and Krieger, and for which 
we would suggest an English equivalent, the myeloid substance. 

2. Histological topography. — The arrangement of the ganglion- 
cells and other tissues in the ganglia of arthropods is not homol- 
ogous with that of vertebrates. In the brain or any of the post- 
cesophageal ganglia of arthropods; there is a central mass formed 
of the myeloid substance, which is enveloped by a cortical layer 
of mostly unipolar ganglion-cells. The fibers from the ganglion- 
cells pass into and emerge again from the myeloid substance, 
which is a tangled mass of minute fibrillse. The fibers from cer- 
tain of the ganglion-cells we have clearly seen to pass through or 
over the myeloid substance and to form both the transverse com- 
missures of the brain and also the two main longitudinal commis- 
sures connecting the chain of ganglia. But the fibers from the 
majority of the ganglion-cells appear, as Leydig holds, to break 
up into the tangled mass of extremely fine fibers, which when cut 



1884.] Aspects of the Body in Vertebrates and Arthropods. 857 

through presents a dotted or granulated appearance. This myel- 
oid substance remains unstained, while the ganglion-cells readily 
stain by reagents. 

In the brain and other ganglia of vertebrates, on the other 
hand, the ganglion cells are internal, the fibers arising from uni, 
bi or multipolar ganglion-cells passing outside. In invertebrates, 
at least arthropods, there is no " white " or " gray " substance ; 
none such has been described by Leydig or the later students of 
the central nervous system of arthropods. 

Histogenesis. — If we look at the genesis of the ganglia of 
arthropods, we see that they consist at first wholly of spherical 
cells ; the fibers and myeloid substance being secondary products, 
and their position is not homologous with that of the ganglia in 
vertebrate embryos. The reader is referred to Fig. 246 in Bal- 
four's Comparative Embryology, Vol. 11, p. 343. The section of 
the spinal cord of a seven days' chick there figured, shows that 
the cord is early differentiated into the internal gray mass, consist- 
ing of round cells, enveloping the spinal canal, while the cortical 
white substance or column surrounds the mass of ganglion-cells. 
In the annelidan worms and the arthropods, the embryonic gan- 
glion is a much simpler structure, consisting of a mere mass or 
ball of ganglion-cells, with incipient fibers passing from them. Cer- 
tain of these fibers grow longer, forming the commissures, trans- 
verse and longitudinal, connecting the ganglia. At first, then, the 
nervous system of the higher worms (those with a ganglionated 
chain) and arthropods, consists of a series of disconnected ganglia, 
which eventually become connected by secondary products, the 
commissural fibers. The fact that in worms the brain is at first 
separate from the rest of the ganglia, as stated in Balfour's Em- 
bryology (1, p. 291), is not of particular significance since all the 
ganglia, at least in Crustacea and insects, are at first disconnected 
from each other. 

Embryology appears to give no countenance to the view held 
by some authors that the brain of an arthropod may represent the 
nervous system of the vertebrate, and the post-cesophageal chain 
of ganglia the sympathetic system of the vertebrates. 

There seems to be a unity of plan, so to speak, in the develop- 
ment of the nervoUs system of the arthropods, and how radically 
different that is from the mode of genesis of the vertebrate ner- 
vous system may be seen by reference to Balfour's work (11, 
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250-252) or that of other observers. While the nervous system 

of all animals arises from the ectoderm (epiblast), as Balfour 

states : " In all Chordata 

an axial strip of the dorsal 

epiblast, extending from 

the lip of the blastopore 

to the anterior extremity 

of the head, and known 

as the medullary plate, 

Fig. i.— Early stage of AsddiaiTembryo, show- becomes isolated from the 
ing the nervous tube n, open in front and situated remainder of the layer to 
dorsally above the alimentary tube (h), as in ver- 
tebrates. " ' give rise to the central 

nervous axis ;" in tunicates as well as vertebrates this plate is con- 
verted into a tube or canal, which lies wholly above the alimen- 
tary tract. It is this striking feature in embryo tunicates which 
mainly seems to justify their elimination from the worms and 





Fig. 2. — Embryo of an Ascidian, showing the vertebrate plan of structure ; the 
nervous system h', h with the spinal nerves [s) being situated dorsally above the 
notocord (c~) and alimentary canal [b, i). 

indicates their proximity to the vertebrates, as this seems to be a 
more truly vertebrate feature than even the possession of a noto- 
cord. 

Balfour states on p. 342 : " The 
spinal cord, shortly after the clo- 
sure of the medullary canal, has, 
in all the true Vertebrata, the 
form of an oval tube ; the walls 
of which are of a fairly uniform 
Fig. 3.— Section of a vertebrate em. thickness, and are composed of 

bryo (a fish), n, nervous tube, open in several TOWS of elongated Cells. 

front and situated dorsally; ch, noto- _. . , , . 

cord; it, mouth; e; alimentary canal; IhlS COrd, as development pro- 

a, place of vent; m, mesoderm. ceec j Sj usually becomes vertically 
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prolonged in transverse section, and the central canal which it 
contains also becomes vertically elongated." Then follows the 
differentiation (1) of the epithelium of the central canal, (2) of the 
gray matter of the cord, and (3) of the internal coating of white 
matter. " The white matter is apparently the result of a differen- 
tiation of the outermost parts of the superficial cells of the cord 
into longitudinal nerve-fibers, which remain for a long period 
without a medullary sheath. * * * The gray matter and the 
central epithelium are formed by a differentiation of the main 
mass of the spinal cord." 

There thus appears to be a lack of homology in the histologi- 
cal topography and origin of the nervous system in Chordata as 
compared with the annelidan worms and the arthropods. 

The relation of the nervous system of arthropods is constant ; 
after the stomodjeum has been formed, commissures from the 
brain pass down and connect the latter with the subcesophageal 
ganglion, which is ventral. This relation of the postcesopha- 
geal nervous system to the ventral side of the body is as constant 
as the disposition of the ventral surface of the embryo of insects 
before the revolution 
of the embryo, or of 
the embryos of anne- 
lid worms and Crus- 
tacea. The position 
of the arthropod em- 
bryo is the reverse of 
that of vertebrates. 

The vertebrate dispo- Fig. 4. — Relations of the nervous system of an embryo 
. . Orthopterous insect to the body-walls, br, brain : sig, 
Sltion OI trie primi- subcesophageal ganglion; ng, nervous cord; st, stomo- 
tive nervOUS SVStem daeum; P r ' proctodeum; mv, malphigian tubes; mesen, 
• mid-intestine; ht, heart; md, mandibles; mx, mx',lsX 

is also Seen in the and 2d maxilla;. From Ayers, with changes. 

embryo tunicate (Figs. 1, 2). 

Morphology. — The brain of the Arthropoda is contained in a 
structure which throughout is lacking in homology with that of 
vertebrates. The crust, the segments, and the appendages espe- 
cially, have nothing in common with vertebrates, though the func- 
tions are, in a degree, the same. The origin and homologies of 
the sensory organs are, ab initio, different. For example, the eyes 
of arthropods are not truly homologous with those of vertebrates ; 
the cornea is simply a number of epithelial cells, while in verte- 
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brates the eye externally is an ingrowth of the epiblast. As the 
wings and legs of insects and organs of hearing and of smell are 
not the homologues of the parts which function as such in verte- 
brates, so we are not inclined to regard the heart and nervous 
system of arthropods as truly homologous with the correspond- 
ing organs of vertebrates. If there is such a fundamental differ- 
ence in the two types as regards the relations of the viscera to the 
body-walls, and if this relation is common to all arthropods and 
the Annulata, we shall have to go back to the hypothetical 
common ancestors of the tunicates and vertebrates on the one 
hand and of the Annulata and Arthropoda on the other, for 
the means of comparison. It is not impossible that in animals 
allied to the planarian or nemertean worms, whose nervous sys- 
tem consists of a pair of dorsal ganglia, with two or more pairs 
of nerves passing backward, that the common origin of the pro- 
chordate nervous system, and that peculiar to annelids and arthro- 
pods, may yet be discovered. 

So also the ; resemblance of the brain, dorsally situated, of the 
cephalopods, enclosed as it is in an imperfect cartilaginous cap- 
sule, is interesting, but the relations are those of analogy or 
adaptation, and not of affinity. The mollusks, the annelids, the 
arthropods and the vertebrates appear to be highly specialized 
branches, and where there appear at first sight to be direct, cross- 
homologies, so to speak, between them, these are rather indepen- 
dent structures, the result of adaptation rather than of direct 
descent. Examples of such, we believe, are the eye, the brain 
and the heart of the cephalopods. 

The unity of organization in the animal world is seen rather in 
the homology of the cellular structure, and in the common origin 
of all from unicellular forms ; and among the Metazoa in the 
identity of the morula and gastrula conditions, or at least the 
germ-layers ; and as regards the nervous system, in its origin in 
the epiblast, rather than in any special parts or organs of such 
highly elaborated and specialized types as are represented by the 
lobster, or butterfly, or fish. 

The dispute between Cuvier and St. Hilaire and their followers 
was in part metaphysical. The old-time problems in transcen- 
dental anatomy, such as comparing a lobster to a vertebrate upon 
its back, the problems of fore-and-aft symmetry, and the question 
of torsion in the fore and hind limbs of mammals, have, if we are 
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not mistaken, lost much of their interest and value in the light of 
modern evolutionary problems, and savor more of scholasticism 
than of science. 

At all events the present problem is, as embryology shows, so 
remote in its bearings ; the common point of origin of arthropod 
and vertebrate, the fork in the primitive developmental path where 
the two branches began to diverge, is set so far back in the ani- 
mal scale, and is so remote in geological time, that with our pres- 
ent knowledge we are inclined to regard the consideration of such 
problems as belonging rather to metaphysics than to pure science ; 
although it should be granted that farther researches among the 
lower worms may yet result in the discovery of facts bearing 
upon the origin of the singular differences in the disposition of 
the arthropod and vertebrate nervous systems. 

In conclusion, therefore, we are led to endorse the following 
opinion of Gegenbaur, in his Comparative Anatomy (English 
translation) : " The greater size of the cephalic ganglion com- 
pared with that of the ventral ganglia, has been already seen in 
many of the Annulata ; in the Arthropoda it is ordinarily still 
more distinct ; this condition may be partly explained by its rela- 
tions to the more highly developed organs of sense, if we recog- 
nize in the dorsal oesophageal ganglion something similar to the 
brain of the Vertebrata. Led by an idea of this kind, some have 
compared even the ventral ganglia, or ventral medulla, with the 
dorsal medulla of the Vertebrata, and have striven to carry the 
comparison still farther; these attempts ignore the complete 
difference between the type of structure of the Arthropoda and 
of the Vertebrata," p. 252. 
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THE NORTHERNMOST INHABITANTS OF THE 

EARTH. 

An Ethnographic Sketch. 1 

by emil bessels. 

THE Greenland coast bordering the entrance of Smith sound 
is peopled by Eskimos who are the northernmost inhabitants 

1 The present ethnographic sketch forms chapter xix of " Die Amerikanische 
Nordpol-Expedition," by Emil Bessels (Leipzig, Wilhelm Engelmann). It was 
kindly translated by the author for the Naturalist, as of special interest at present 
on account of the station at Lady Franklin bay. The original is more fully illus - 
trated. — Eds. 



